Introduction
Cervical cancer is still the one of the most common malignancies in female, which is the third common cancer in women worldwide, even though the incidence has been steadily decreased in recent years [1, 2] . The most of deaths from cervical cancer come from the recurrence of the disease [3] . As a result, predicting recurrence after primary treatment is important not only for counseling the patients about the disease prognosis but also for applying additional treatment to prevent recurrence.
In predicting recurrence of the cervical cancer, clinical staging system has limited value because of inter-observer variability of physical examination and not considering of other important factors such as lymph node (LN) metastasis [4] . As a result many clinicopathological factors are used to stratify the risk for recurrence of the disease [5] [6] [7] . However there is Na-Ri Shin, et al. The prognostic role of Hb in early cervical cancer still a lack of strong predictor for recurrence up to date and many investigation searching for risk factors for recurrence in cervical cancer is ongoing.
Anemia is a common condition in cancer patients [8] . Especially, cervical cancer is among the tumors characterized by higher prevalence of anemia at diagnosis [9] . And, interestingly, lower pretreatment hemoglobin (Hb) level or anemia before treatment has been reported as an independent prognostic factor for poor prognosis in locally advanced cervical cancer (LACC) [10, 11] . For this reason Hb level before treatment was considered as one of the parameters used in prognostic model predicting recurrence in LACC [12] . However, the prognostic role of pretreatment anemia or lower Hb level in patients with early stage cervical cancer (ECC) is still unclear.
As a result, this study was designed to investigate the role of pretreatment anemia as a prognostic factor in ECC and association between pretreatment Hb level and clinicopathological factors in these patients.
Materials and methods

Patients
With institutional review board approval, patients with ECC (International Federation of Obstetrics and Gynecology stage IB to IIA) who were treated at Samsung Medical Center, Seoul, Korea from 1996 to 2007 were retrospectively enrolled in this study. The patients' clinical data and pathological findings after surgery as well as laboratory results were collected. We excluded patients with IA1 and IA2; atypical histological subtypes including clear cell, melanoma, metastatic carcinoma, etc.; patients who underwent fertilitysaving surgery; patients with concurrent hematologic diseases; patients with para-aortic LN metastasis; patients who did not have the results of Hb level within two weeks before starting initial treatment; patients who received transfusion before blood sampling; and patients who had radiation therapy (RT) oriented therapy as a primary treatment. At our institution, anemia is diagnosed when Hb level is less than 11.2 g/dL for adult female. As a result we use the Hb level of 11.2 g/dL as a cut-off value for the analysis.
Treatment
We usually performed surgery as a primary treatment in patients with ECC (IB1 to IIA). However, the choice for primary treatment was dependent on the attending physician's preference. Since 2000, platinum based concurrent chemoradiation therapy (CCRT) has been recommended as adjuvant treatment in cases with more than one high-risk pathological factor for recurrence after surgery, which is described below.
As we prescribed previously [13] , standard surgery consisted of type III radical hysterectomy with bilateral pelvic LN dissection. Additional procedures such as bilateral salpingooophorectomy and para-arotic LN sampling or dissections were not routinely performed. Adjuvant therapy after surgery was considered based on pathological risk factors. Patients who had more than one of the three high-risk factors (positive pelvic LN, microscopic parametrial invasion, and positive resection margins with tumor) received adjuvant platinum based CCRT. Patients with at least two of the three intermediate risk factors (stromal invasion of more than half of the cervix or stromal invasion more than 1 cm, lympho-vascular space invasion [LVSI] , and the largest pathological diameter of 4 cm or greater) received adjuvant RT alone.
RT protocols were also as previously described [13] . In brief, each patient received external beam RT therapy using 10 to 15-MV photons to the whole pelvis for a total dose of 50.4 Gy. The daily fraction size was 1.8 Gy, administered five times per week. Patients were irradiated with a four-field box technique (anterior, posterior, and bilaterals) to spare some of the small bowel anterior to the iliac nodes.
We follow-up the patients with examinations approximately every three months for the first two years, every six months for the next three years, and every year thereafter. During the routine follow-up, computed tomography or magnetic resonance imaging, and chest X-ray was performed annually. We defined disease free survival as the time from the initial treatment to relapse or to the final follow-up visit, and overall survival was defined as the time from the initial treatment to death or to the final follow-up visit.
Statistical analysis
The Wilcoxon rank sum test or two-sample t-test was used to compare the median or mean values, respectively, after checking whether the data had non-normal or normal distributions according to the Shapiro-Wilks test. Comparisons of means or medians among three groups were performed using the one way ANOVA as a parametric test or Kruskal-Wallis test as a non-parametric test. Spearman correlation analysis was Vol. 57, No. 1, 2014 used to investigate the association between tumor diameter and pretreatment Hb level. Frequency distributions between categorical variables were compared using the χ 2 test. The
Fisher's exact test was used if the expected frequency was <5. The overall and progression-free survival curves were calculated according to the Kaplan-Meier method with the logrank test. The Cox proportional-hazards model was used for the multivariate analyses. Statistical analyses were performed using PASW ver. 18.0 (SPSS Inc., Chicago, IL, USA). A P-value <0.05 was considered statistically significant and all P-values were two-sided.
Results
We could enroll 805 patients with ECC (IB1 to IIA) who were treated with surgery with or without adjuvant therapies. The characteristics of patients are described in Table 1 . The median follow-up for the patient group was 58.3 months with a range of 2 to 181 months and the five-year survival rate was 92.4%. There were 96 (11.9%) recurrences and 56 (7.0%) deaths during the study period.
When we divided the patients into two groups according to whether the patients had pretreatment anemia or not, there was no statistical significant difference between groups but trends were shown that the patients with pretreatment anemia may have worse survival outcomes when compared with the patients without anemia (Fig. 1) . Then we compared the association between pretreatment anemia and clinico-pathological findings which have been known as risk factors for recurrence. First, patients with IB2 had lower pretreatment Hb level compared with the patients with IB1, which was statistically significant (P = 0.016), and negative correlation was observed between tumor size and pretreatment Hb level with statistical significance (R 2 =-0.089, P = 0.011) as shown in Fig. 2 . Second, among the high risk factors for recurrence, microscopic parametrial invasion was significantly associated with pretreatment anemia (P = 0.002) ( Table 2 ). However, pretreatment Hb level was not associated with lymphatic invasion of tumor cells including lympho-vascular space invasion or LN metastasis as well as histologic subtypes and vaginal resection margin with tumor. In all patients, the univariate analysis revealed that pretreatment anemia and other clinicopathological findings such as stage, type of treatment, histological subtype, and intermediate/high risk factors for recurrence had prognostic significance for both disease free and overall survival (Tables 3, 4) . In multivariate analyses, lower pretreatment Hb remained as a significant independent poor prognostic factor in disease free survival (P = 0.039) even after adjusting for other factors including tumor size but this finding was not observed in overall survival (P = 0.404) (Tables 3, 4) . Na
Discussion
In this study, we found that the negative association between pretreatment Hb level and tumor size and the impact of lower Hb before treatment on disease free survival adjusted for other factors including clinical stage and pathological findings in ECC. Anemia is known to be a common finding in cancer patients and up to 30% of cancer patients suffer from anemia [14] . Decreased Hb from the normal range is reported to be associ- A B ated with shorter survival times for patients with solid malignant tumors including lung, head and neck, prostate, and hematologic malignancies such as lymphoma and multiple myeloma and the overall estimate increase in risk of death was 65% (range, 54%-77%) in a meta-analysis [8] . Among gynecologic malignancies, anemia was also found to have an independent relationship to poor survival in epithelial ovarian cancer [15] , endometrial cancer [16] and LACC [11, [17] [18] [19] [20] [21] . However, there is no evidence of association between pretreatment Hb and prognosis in ECC and we found its significant independent prognostic role in this study. In our study, the proportion of patients with pretreatment anemia was 12.3% which is relatively lower incidence from that of LACC reported in previous studies, which was about 25% [11, 22] . It suggest that bulky tumors might have more anemic condition compared with small volume tumors and the finding of negative correlation between tumor size and pretreatment Hb level in this study is supporting this idea. A review article addressing the anemia and cervical cancer also reported that Hb levels prior to and during radiotherapy are strongly correlated with tumor size (R 2 =-0.46, P < 0.001) measured based on imaging studies in LACC [9] , which is corresponding well with the result shown in our ECC patients. Overall, pretreatment Hb may be a surrogate marker for disease burden itself and may partially explain the prognostic impact on survival in patients with ECC in this respect.
Apart from the association between pretreatment anemia and tumor size, we could also find that pretreatment anemia have independent prognostic power despite the impact of tumor size on anemia prior to treatment. Kapp et al. [23] Na-Ri Shin, et al. The prognostic role of Hb in early cervical cancer reported that not only tumor size but also Hb was one of the significant prognostic factors in a multivariate analysis for survival which is similar with the result of our study. And some authors reported that lower Hb level is related with infiltrative phenotypes of tumors such as corpus invasion and nodal metastases in LACC [24] . Another possible explanation about poor survival and anemia in LACC is that anemia might be a surrogate marker of tumor hypoxia which is known to mediate resistance to radiotherapy [9, 25] . So it is difficult to consider anemia as a direct or indirect marker for poor survival, however, it is clear that patients with anemia have lower survival. Generally anemic conditions can be reversed by transfusion or administration of erythropoiesis stimulating agents (ESA). And some authors have suggested that the maintenance of Hb at normal levels would improve not only for quality of life [26, 27] but also survival [21, 22, 28] . However, it is still unknown if transfusion ameliorate hypoxia of tumors and improve the outcome of anemic patients. A report showed that only 50% of patients with cervical cancer demonstrated an increase in tumor oxygenation following transfusion [29] and did not improved survival [9] . Furthermore, although transfusion may increase tumor oxygenation, does not necessarily improve treatment results as anemia is associated with tumor sizes which has an adverse prognosis independent of oxygenation. And in the treatment with ESA, there are still concerns about its safety on cancer prognosis and for example ESA are not recommended in early breast and non-small cell lung cancer patients with anemia [30] . Overall, further studies investigating the prognostic impact of manipulating anemic condition before or during treatment and the safety of ESA in patients with ECC should be needed in the future. In this study, there are several limitations. First, we did not count the effects of transfusions before surgery due to preoperation anemia because the guidelines for transfusion such as Hb level to start transfusion and the amount of transfusion before surgery were based on the attending physicians' preferences which were heterogenic. So some effects of transfusion might have influenced the results of this study. Second, we could not see the prognostic effect of pretreatment anemia on overall survival. However, most of the patients with ECC show preferable overall survival that there may not be enough numbers of patients to see the survival difference based on the pretreatment anemia and anemic condition at the time of recurrence would be also important factor to overall survival. Third, anemia before treatment should be frequently associated with symptoms such as tumor related vaginal bleeding and menstrual cycles when the blood test was performed. With the retrospective study design, we could not consider these confounding factors and bias may be introduced in our results.
In conclusion, lower pretreatment Hb is independently asso- Na-Ri Shin, et al. The prognostic role of Hb in early cervical cancer ciated with worse disease free survival and larger tumor size in patients with ECC. Measuring Hb before treatment may be an easy and cost-effective way to predict recurrence and incorporated into one of the contributing factors in prognostic models for recurrence of ECC in the future.
